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Determinants of Water Connection Type and Ownership of Water-Using Appliances in Ireland

Introduction
Water demand from the household sector is influenced both by the number of households and their characteristics, in particular the extent to which they employ water-using appliances. This paper focuses on domestic ownership of water-using appliances in Ireland, a country where rapid economic and demographic change are putting pressure on water and sewerage infrastructure. Using a large household micro-dataset, we examine the determinants of the water and sewage mains connection status of Irish homes, identify the characteristics of households that are associated with having larger or smaller numbers of appliances, and investigate what types of households own particular combinations of appliances.
Determinants of residential water use have been studied in many parts of the world, including Phoenix (Wentz and Gober, forthcoming); Melbourne (Aitken et al., 1991) ; Masvingo (Dube and van der Zwaag, 2003) ; Honolulu (Malla and Gopalakrishnan, 1997); Bangkok (Babel et al., 2003) and Adelaide (Troy and Holloway, 2004; Dandy et al., 1997) . These studies generally concur on many of the factors that affect domestic demand for water, namely the existence and scale of water charges, house size, income, the number, type and frequency of use of water-using appliances, age of household members, the presence of a swimming pool and large gardens, and in one study at least, the usage patterns of one's neighbours (see Aitken et al., 1991) .
In general, larger, more affluent households with children tend to use more water, although the presence of a swimming pool and large watered garden can outweigh other factors (Wentz and Gober, forthcoming).
Analyses of the determinants of water and sewage mains connectivity are rare. Tunis, (McPhail, 1994) , Cairo (Hoehn and Krieger, 2000) and Halle (Haug, 2004) have been the subjects of studies aiming to understand the costs, benefits and efficiencies of mains connectivity and improvements made to this utility. In the process of determining this, the authors of these studies deduced that location, population density and certain social indicators could have an impact on the quality, if not the existence, of a mains connection. To our knowledge, no similar analyses have been conducted in Ireland.
Unlike the locations for the above analyses, water is free for domestic households in Ireland. Scott notes of this that 'as for most goods or services treated in this manner, the predictable outcome is under-funding, over-use of the resource, disincentives to the use of efficient technology, losses of water in distribution systems, and environmental degradation ' (1999, 2) . Scott has written widely in relation to the lack of water metering and pricing in Ireland, and policy changes that could be made to counteract the associated negative symptoms of this situation (see Scott, 1999; Scott and Lawlor, 1994, 1997; Scott and Morgenroth, 2006; Lawlor et al, 2007) . In another study, Camp, Dresser and McKee (2004) estimate total water demand by sector and county, but do not analyse the drivers of differences in water use.
To our knowledge, these remain the only published analyses of the determinants of residential water demand in Ireland.
The most comprehensive effort to investigate the relationships between household and dwelling characteristics in Ireland is the National Survey of Housing Quality, 2001 -2002 Watson and Williams, 2003) . The survey 'obtained detailed information from a representative sample of over 40,000 householders on characteristics and problems of the dwelling, and on the household members ' (ibid, v) . As such, it provides a snapshot of a household's appliances and mains connectivity status.
1 However, Watson and Williams (2003) only provide descriptive statistics.
Here, we econometrically analyse the data from the NSHQ.
By conducting regression analysis on the data behind the NSHQ, it is possible to determine what factors are likely to influence the mains connectivity and appliance ownership status of households in Ireland.
We find that households with higher incomes and more expensive homes are more likely to have mains connections. They are also likely to own more water-using appliances, but not necessarily use more water, as these factors have a negative relationship on the likelihood that a dwelling will have a bath and no shower. The longer a household has been resident at the same address, the less likely it is to have 1 The NSHQ has so far been a once-off survey, commissioned by the Department of the Environment, Heritage and Local Government (DEHLG) and conducted by the Economic and Social Research Institute. As such, conducting any time-series analysis on the data was impossible.
both water and sewage mains connections, but it is likely to own more water-using appliances. Location, house age and dwelling type are unsurprisingly significant in determining whether a dwelling has mains connections, with older, rural, detached homes less likely to be on the public water and sewage systems. With regard to household make-up, those with children are more likely to have many water-using appliances, particularly when compared to all-adult and single-person households.
Finally, there is mixed evidence with regard to social status, as professionals and skilled workers are more likely to have more water-using appliances than semi-skilled and unskilled workers, whereas there is no discernible pattern for whether social status has an effect on the likelihood of mains connections.
The remainder of this paper will proceed as follows. The next section outlines the theoretical model being analysed. Section three analyses data from the NSHQ, and compares these data with those available elsewhere in the world. Section four presents the results from econometric analysis that has been conducted on data from the NSHQ. Finally, the concluding section will draw inference from each of the preceding sections.
Models
In order to investigate the determinants of a dwelling's water system status a binary dummy was created to represent whether it had a mains connection or not. As such, a model was required that could allow for a binomially distributed response (either 'house has a mains connection' or 'house has no mains connection' In order to analyse those factors that affect the total number of appliances owned by each household, an ordered logit model was used. Outcomes were limited to whole numbers between zero and three, inclusive, indicating the total number of water-using appliances in each household.
Ordered logit models have been applied to the study of water demand and supply, having been employed in the study by Larson and Gnedenko (1999), mentioned above.
As well as counting the number of appliances that are present in each household, it is interesting to note that ownership of these appliances tends to be grouped into clusters, as can be seen in Table 4 . To deduce the factors that determine which households own which appliances each household was designated to a cluster based on the appliances it owns. As there is no ostensible rank in which these clusters could be ordered, a multinomial logit model was chosen. The next session will detail the NSHQ data employed in this analysis.
Data
The were made available to the authors of this paper for the purpose of studying patterns of water supply and demand.
With regard to connectivity, the NSHQ asked respondents about their sewage and water supply; specifically, what type of system they were connected to. In both instances, connection to the public mains was the most common response. A binary variable was created for both sewage and water consisting of 'public mains connection' and a grouping of all other options.
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With regard to appliance ownership, the NSHQ does not allow for an explanation of total water usage by households -such a project would require more extensive data on details of appliances, analysis of their 'water efficiency', and the frequency with which they are used -but does allow for an inspection of the quantity of water-using appliances present. It asks about the presence of dishwashers, washing machines / washer-dryers, the presence of a bath (but no shower), and power-showers in the home. 4 As the last two of these are mutually exclusive, the maximum number of appliances that any one dwelling can have is four (i.e. there are five categories, as a home can also have none of the above appliances). As such, a variable for 'total number of appliances' was created, with a maximum value of three. It must be noted that the methods of accounting for appliance ownership that are employed in this paper in effect only count the presence of certain appliances. Just because a household has a dishwasher does not necessarily mean that they use it.
The final dependent variable was constructed in order to deduce the factors that determine which households own which appliances. A variable was created that assigned each household to a cluster based on the appliances it owns. However, some observations in the NSHQ data had very unusual combinations of appliances. For the purposes of the 'clusters' multinomial logit regression, a small number of these were dropped in order to make the number of clusters manageable, and to omit a large body of insignificant results.
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Each of the dependent variables described above was employed in regressions against explanatory variables that are detailed in Table 1 and Table 2 . 
Results
This section presents the results of the three regressions run on the NSHQ data, a logit model for the mains connectivity status of a dwelling, an ordered logit for the total number of appliances present in a dwelling, and a multinomial logit model for analysing clusters of appliances. When a result is presented as a percentage it indicates the change in the odds of a unit-change of the dependent variable.
Mains connectivity
As explained in the last section, logit regressions were run against the variables detailed in Table 1 , with outcomes being dichotomous, either 'mains connection' or 'no mains connection'. Table 5 and Table 6 show the results of these regressions.
Summarising the results shown in Table 5 and Table 6 , the following factors are likely to have a positive effect on the odds of having a mains connection:
House value: The more expensive a dwelling is, the more likely it is to have mains connections. A rise of IR£100,000 (€127,000) in the value of a home increases the odds of either a sewage or water mains connection by a factor of 1.1 (or vice versa: it may well be that the presence of mains connections increase the house value).
Household income: Household income is highly correlated with house value (see Table 3 ), so it is not surprising that a higher income also means that a dwelling is more likely to have a sewage mains connection (a rise of £100 in weekly income increases the odds of having a mains sewage connection by a factor of 0.03).
However, for water mains this result is not significant, even at the 10% level.
Tenure type: The baseline scenario for this category is 'own outright', and all other types are more likely to have mains connections (though 'rent free' is not significant), particularly those renting in the private sector. [ Figure 1 about here]
However, some variables have a negative effect on the likelihood of having a mains connection, and are outlined below.
Years at address:
The longer a household has been resident at a dwelling, the less likely it is to have either a water or sewage mains connection. Indeed, for every year a household has been resident at a dwelling the odds of having a sewage (water) mains connection falls by a factor of 0.02 (0.01). Note that we control for the age of house and the age of the survey respondent.
Location:
One of the most statistically significant outcomes from this analysis is that rural dwellings are less likely to have mains connections than urban ones, though the differences between Dublin and other urban areas are less significant. The odds of a home in a rural location having a mains sewage (water) connection fall by around
95% (90%) when compared with Dublin
Social status: The baseline scenario for this category is 'high professional', and all other categories are less likely to have mains connections. Social status appears to be more significant in relation to having a water mains connection than a sewage mains connection, as only two variables from six are significant even at the 10% level for the latter. However, it is not necessarily the case that those of a higher social status are more likely to have mains connections, as is evident from Figure 2 .
[ Figure 2 about here]
Household type: The baseline scenario for this category is 'one adult under 65 years old'. All but one of the other variables have negative coefficients, indicating that they are less likely -than the baseline scenario -to have mains connections. However, only one variable is significant for both water and sewage mains connections, 'couple with children'; the odds of a household of this make-up having a mains sewage (water) connection is 30% (27%) less than the baseline scenario.
Number of appliances
An ordered logit was run with outcomes being limited to whole numbers between zero and three, inclusive, indicating the total number of water-using appliances in each household. Table 7 shows the results from this regression, and the results are summarised below.
As can be seen from Table 7 , nearly all of the tested variables have a high level of significance in the ordered logit model, which ranks each dwelling by the total number of appliances. The results shown in Table 7 indicate that the following factors have a positive influence on owning more appliances:
House value: In general, the more valuable a dwelling, the more appliances one can expect. This is also the case for household income, where an extra £100 a week improves the odds of having an extra appliance by 3%.
Social Status:
In general, the higher a household's social status, the more appliances it has. This is perhaps best illustrated in Figure 3 .
[ Figure 3 about here]
House age: Although not all of the variables are significant in this category, more recently-built dwellings are more likely to have more appliances, particularly those built since 1997; residing in a house from this period improves the odds of having another appliance by 43%
Household type: Compared to the baseline, 'one person under 65', all other groups are likely to have more appliances, particularly households with children, the odds for whom of having an extra appliance are over 100% higher than the baseline.
The following factors have a negative effect on owning many appliances:
Years at address: The longer a household has been resident at a dwelling, the fewer appliances one might expect it to own. For every year a household is resident at a dwelling the odds of it being in a higher category are diminished by a factor of 0.01, if all other variables are kept the same.
Dwelling type: Compared to the baseline, 'detached house', all other dwelling types are less likely to have as many appliances, particularly -and not unexpectedlycaravans. Living in a caravan diminishes the odds of being in a higher category by 85%.
Finally, the following factors can have either a positive or negative effect on owning lots of appliances, depending on which dummies apply to each household:
Mains connection: Although having a water mains connection appears to diminish the likelihood that a household will have more appliances, having a sewage connection would appear to increase this likelihood. This seems counter-intuitive, and the result may be affected by the high level of correlation between these two variables (see Table 3 ). For example, it appears that having a sewage mains connection increases the odds of being in a higher category (having one more appliance) by 19%, if all other variables are kept the same.
Respondent age:
Respondents in the 'forty to sixty-four' group are likely to have more appliances than those in the baseline 'under forty' group, yet those in the 'sixtyfive and older' group have fewer appliances than the baseline scenario.
Location: Not all variables in this category are significant, and there is no discernible distinction between urban and rural, or between Dublin and the other regions.
Tenure type: Compared to the baseline scenario of 'own outright', those who are purchasing their home are more likely to have more water-using appliances (having this form of tenure improves the odds of having an extra appliance by 9%). However, households of all other tenure types generally have fewer appliances, particularly private renters. This variable (private renters) is strongly correlated with apartment dwellings (see Table 3 ), where there are often restrictions on using dishwashers and washer-dryers.
Cluster analysis
In order to explore possible complementarities across groups of appliances, each household was designated to a 'cluster' based on the type of appliances it owns. There were four appliances available for consideration: Dishwasher, washing machine / washer-dryer, 'bath-no-shower' and power-shower. The baseline scenario is "0-0-0-0", signifying a household without any of the above appliances. Thus, if a household belongs to the cluster "1-0-1-0", it has a dishwasher and a bath, but no washing machine or shower. The clusters of appliances involved in this analysis are outlined in Table 4 .
The results presented in Table 8 , for clusters of appliances, are summarised below.
The following variables and categories were significant in relation to all the clusters:
Mains Connection: Having a mains sewage or water connection increases the likelihood of having any (combination of) appliance(s).
Years at address:
For nearly all clusters, the longer a household has been resident at a dwelling, the less likely it is to have no appliances at all, or just a bath.
House value:
The effect of house value is particularly strong. In general, the more valuable a dwelling, the more likely it is to have more appliances than just a bath. It is thus unsurprising that Household Income has a similar effect, given the high level of correlation between these variables (see Table 3 ).
Respondent age:
The baseline scenario in this category is 'under 40'. Compared to this age group, other respondents are less likely to have no water using appliances.
Location: Households in rural locations are less likely to have no appliances. This effect is consistent across all other clusters.
Tenure type: Compared to those who own their homes outright, those who are purchasing and those who rent privately are more likely to own appliances. However, those in local authority housing, living rent-free and renting from a voluntary organisation are more likely not to own any appliances.
Dwelling type: Detached houses are least likely to have no appliances whatsoever.
House age: The effect of house age is consistently strong across all clusters. More recently built homes are more likely to contain water-using appliances, particularly those built since 1997.
Household type: Households with children are much more likely to own more appliances than just a bath. Indeed, in many of the clusters, households with children are more likely to own dishwashers, power-showers and washer-dryers than other household types.
Discussion and Conclusion
In this paper we focus on two questions relevant to domestic water use and water resource management in Ireland. Firstly, we investigate what factors are influential in determining whether a dwelling is connected to the public water and sewage mains.
Secondly, we examine what distinguishes households that own particular clusters of water-using appliances, and related to this, what are the characteristics of homes and households that have comparatively few/many such appliances. Using regression methods that allow for a limited response dependent variable (logit, ordered logit, multinomial logit), independent variables related to both household and dwelling characteristics are included.
We find that households with higher incomes and more expensive homes are more likely to have mains connections. Indeed, a rise of £100 in weekly income increases the odds of having a mains sewage connection by a factor of 0.03. They are also likely to own more water-using appliances, but not necessarily use more water, as these factors have a negative relationship with the likelihood that a dwelling will have a bath and no shower. The longer a household has been resident at the same address, the less likely it is to have both water and sewage mains connections, but it is likely to own more water-using appliances. For every year a household has been resident at a dwelling the odds of having a sewage (water) mains connection falls by a factor of 0.02 (0.01), but the odds of it having an extra appliance are diminished by a factor of 0.01, if all other variables are kept the same. Location, house age and dwelling type are unsurprisingly significant in determining whether a dwelling has mains connections, with older, rural, detached homes less likely to be on the public water and sewage systems. With regard to household make-up, those with children are more likely to have many water-using appliances, particularly when compared to all-adult and single-person households. Finally, there is mixed evidence with regard to social status, as professionals and skilled workers are more likely to have more water-using appliances than semi-skilled and unskilled workers, whereas there is no discernible pattern for whether social status has an effect on the likelihood of mains connections.
Given the limited nature of the data available, basing policy recommendations on these analyses might be imprudent. However, aside from the findings outlined above, the results that have been gleaned from this study have highlighted two important points in relation to water resource management in Ireland.
Firstly, there is relatively little of data in relation to water usage and trends in Ireland.
The NSHQ has proved to be a useful tool in relation to conducting this analysis, but without time series and/or panel data, conducting a thorough analysis of the effect of changes in household and housing characteristics is probably impossible.
Secondly, Ireland is a country in an extraordinary state of flux, experiencing a rapidly growing population, changing living patterns, and unprecedented prosperity. The effects that these changes may have on water supply and demand are difficult to determine based on this analysis alone, but further research into the interaction of water usage, water supply and changing household and housing trends may prove fruitful in relation to forecasting Ireland's future demands in this area.
Finally, the rich source of data that is the NSHQ may be useful in further studies in this area, particularly in relation to energy usage and the existence of energy-saving features in Irish homes. Tables   Sewagetype  Whether a dwelling has a mains sewage connection  watertype Whether a dwelling has a mains water connection yrshere
The number of years a household has been resident at the dwelling hvalue Estimate of the dwelling's value HHincome Declared income of the respondent age40_64 Dummy: householder is between 40 and 64 years old, inclusive (omitted category is 'less than 40') age65plus Dummy: householder is over 65 years old, inclusive (omitted category is 'less than 40') locBMWurban Dummy: location is in an urban part of the border-midlands-west region (omitted category is 'Dublin') locothurban Dummy: location is urban but not in Dublin or BMW (omitted category is 'Dublin') locruralBMW Dummy: location is rural and in BMW (omitted category is 'Dublin') locothrural Dummy: location is rural but not in Dublin or BMW (omitted category is 'Dublin') tenurePurch Dummy: home is being purchased (i.e. mortgage) (omitted category is 'own outright') tenureLocalA Dummy: home is rented from a local authority (omitted category is 'own outright') tenurePrRent Dummy: home is rented from a private landlord (omitted category is 'own outright') tenureVolOrg Dummy: home is rented from a voluntary organisation (omitted category is 'own outright') tenureRentFr Dummy: home is lived in rent-free (omitted category is 'own outright') socLowProf Dummy: social status is 'low professional' (omitted category is 'professional') socOthNonMan Dummy: social status is 'other non-manual' (omitted category is 'professional') socSkill Dummy: social status is 'skilled' (omitted category is 'professional') socSemiSkill Dummy: social status is 'semi-skilled' (omitted category is 'professional') socUnskill Dummy: social status is 'unskilled' (omitted category is 'professional') socUnknown Dummy: social status is 'unknown' (omitted category is 'professional') DwellSemiD Dummy: dwelling is semi-detached (omitted category is 'detached') DwellTerrace Dummy: dwelling is terraced (omitted category is 'detached') DwellPurpApt Dummy: dwelling is a purpose-built apartment (omitted category is 'detached') DwellHousApt Dummy: dwelling is an apartment in a converted house (omitted category is 'detached') DwellCaravan Dummy: dwelling is a caravan (omitted category is 'detached') HAge1900_40 Dummy: dwelling was originally built between 1900 and 1940 (omitted category is 'pre-1900') HAge1941_60 Dummy: dwelling was originally built between 1941 and 1960 (omitted category is 'pre-1900') HAge1961_70 Dummy: dwelling was originally built between 1961 and 1970 (omitted category is 'pre-1900') HAge1971_80 Dummy: dwelling was originally built between 1971 and 1980 (omitted category is 'pre-1900') HAge1981_90 Dummy: dwelling was originally built between 1981 and 1990 (omitted category is 'pre-1900') HAge1991_96 Dummy: dwelling was originally built between 1991 and 1996 (omitted category is 'pre-1900') HAgeAfter97
Dummy: dwelling was originally built between after 1997 (omitted category is 'pre-1900') HH1over65
Dummy: Household consists of 1 person, aged 65 or older (omitted category is '1 person under 65') HHCoupleKids Dummy: Household consists of a couple with child(ren) (omitted category is '1 person under 65') HHOthKids Dummy: Household consists of adult(s) (not a couple) with child(ren) (omitted category is '1 person under 65') HHParAduKids Dummy: Household consists of parents living with adult child(ren) (omitted category is '1 person under 65') HHOthAdUn65 Dummy: Household consists of all-adults, under 65 (omitted category is '1 person under 65') HHOthAdOv65 Dummy: Household consists of all-adults, over 65 (omitted category is '1 person under 65') this table) . In general, positive coefficients imply a higher probability that the household will be observed in a higher category (i.e. have more appliances), and negative coefficients imply a higher probability that the household will be observed in a lower category (i.e. have fewer appliances).
Exactly how many appliances one can expect a given household to have is less obvious from a cursory glance at the data. However, one can determine the probability that a household belongs above or below a certain cut point. For example, the probability of a household with a mains water connection having zero appliances (below _cut1) is the probability that 0.17 + u j ≤ -3.66, or, or, equivalently, u j ≤ -3.83 = 0.0217 = 2.17%. *=significant at the 10% level; **=significant at the 5% level; ***=significant at the 1% level 0010
